Objective. is study aimed to evaluate the potential effect of hyperhomocysteinemia on multiple organ failure (MOF) in patients with acute pancreatitis (AP). Method. In this cohort study, a total of 1880 AP patients were enrolled and divided into the hyperhomocysteinemia group (study group) and the control group based on serum homocysteine (HCY) levels. Clinical data including demographics, clinical outcomes, and characteristics were collected for analysis. Risk factors of MOF in AP patients were determined by univariate and multivariate logistic regression analyses. Results. e hyperhomocysteinemia group showed higher multiple organ failure rates (31.83% vs 20.77%, P < 0.001), compared with the control group. A positive correlation between homocysteine level and APACHE II score was obtained by Pearson correlation analysis (r � 0.420, P < 0.001). Multivariate logistic regression analysis disclosed that the hyperhomocysteinemia was independently associated with MOF (hazard ratio, 1.103; 95% CI, 1.010-1.189; P � 0.012). Conclusion. A high serum homocysteine level may be an independent risk factor of multiple organ failure in patients with acute pancreatitis.
Introduction
Acute pancreatitis (AP) is one of the most common gastrointestinal inflammatory diseases, and the majority of AP patients usually experienced a mild course. However, approximately 20% of AP patients could further progress into persistent organ failure and develop severe AP, resulting in high morbidity and mortality. It is still a great challenge to quickly and effectively screen out AP patients with high risk of persistent organ failure during clinical management. Previous reports have shown that many biomarkers such as triglycerides, high-density lipoprotein, and apolipoprotein A could be important predictors of persistent organ failure in AP patients [1, 2] .
Homocysteine (HCY) is a sulfur-containing amino acid that has currently been recognized as an independent risk factor for cardiovascular, cerebrovascular, and peripheral vascular diseases [3, 4] . It was also reported that the level of serum HCY in patients with chronic pancreatitis was significantly higher than that of the healthy population [5] , and the level of serum HCY was positively correlated with the incidence of pancreatitis [6] . In addition, hyperhomocysteinemia (high level of HCY) is considered a modifiable risk factor for stroke, possibly through an atherogenic and prothrombotic mechanism [7] . More specifically, HCY is associated with thrombosis and inflammation, and hyperhomocysteinemia may also lead to increased oxidative stress, thus resulting into the formation of inflammation.
However, the role of HCY in AP pathogenesis remains largely unknown. e aim of this study was to explore the possible relationship between multiple persistent organ failure and serum HCY levels, specially focusing on whether high serum HCY level in AP early course predisposes AP patients to development of persistent organ failure.
Materials and Methods

Study Design.
A cohort of 2230 AP patients was screened in the Department of emergency, Hunan Provincial People's Hospital (Changsha, China), from January 2013 to September 2017, which is part of a previously published cohort study [8, 9] . Finally, 1880 patients were prospectively enrolled in the study (Figure 1 ). All patients were treated as instructed by the Chinese AP Management Guidelines and followed up until discharge or hospital death. is study was approved by the Medical Ethics Committee of the Hunan Provincial People's Hospital, and written informed consent was obtained from each participant. According to the Guidelines for the Prevention of Cardiovascular Diseases in China, these AP patients were categorized into the control group (HCY < 15 μmol/L) and the hyperhomocysteinemia group (HCY ≥ 15 μmol/L) [10] .
Inclusion and Exclusion Criteria
Inclusion Criteria
(1) AP patients admitted to department of emergency, Hunan Provincial People's Hospital (Changsha, China), from January 2013 to September 2017. (2) All the AP patients should be diagnosed with at least two of the following criteria according to revision of the Atlanta classification and definitions [11] :
(i) Acute upper abdominal pain associated with AP (ii) Serum amylase/lipase elevated more than three times compared with the upper limit of normal individual (iii) Characteristic discovery of AP on a computed tomography scan
Exclusion Criteria
(1) Aged less than 18 years (2) Patients with a history or presence of malignancies, immune deficiency, or HIV infection (3) Chronic pancreatitis (4) Patients with other acute infection or inflammation (5) Lack of patient data within the first 48 hours of admission (6) Patients who quit halfway during the study
HCY Level and Data
Collection. Blood samples from each participant were collected on admission within 48 h after disease onset, and the serum homocysteine levels were determined using an Automatic Biochemistry analyzer AU5821 (BECKMAN COULTER, Tokyo, Japan). All clinical data including age, sexuality, medical history, laboratory data, and clinical outcomes were collected on admission. e primary outcome used in this study was the development of persistent multiorgan failure (MOF) during admission. Secondary outcomes were pancreatic necrosis and mortality during admission.
e Acute Physiology and Chronic Health Evaluation (APACHE) scores were calculated by experienced physicians or radiologists with blinded view within the first 24 h after admission. Circulatory failure, pulmonary failure, and renal failure were defined according to the Revision of the Atlanta Classification and definitions [11] . Persistent MOF was defined by failures of ≥2 organs lasting for >48 h. Patients with a GFR of <15 were diagnosed with renal failure and treated with continuous renal replacement therapy (CRRT) [12] .
Statistical Analysis.
Approximately 20% of AP patients could further progress into persistent organ failure and develop severe AP. Assumed relative risk of hyperhomocysteinemia was 1.2; 10278 patients would be required to detect a 10% reduction of persistent organ failure for the study to attain an 90% statistical power, at a two-sided α of 0.05. After about first 9300 patients completed the follow-up, relative risk of the number of hyperhomocysteinemia was lower than expected, so the total sample size was increased to 17912 patients. Categorical variables were summarized in frequencies and percentages, and continuous variables were presented as the median and quartile or the mean and standard deviation, which were analyzed with the SPSS 22.0 software. e differences of categorical variables between the control and the hyperhomocysteinemia groups were analyzed through the chi-squared test. Student's t test or Wilcoxon test was used for analysis of continuous variables as appropriate. e correlation between the HCY level and APACHE II score was assessed by the Pearson correlation analysis. e index of P value < 0.1 in the univariate analysis was included in the multivariate logistic regression analysis model. Statistical significances were defined by a P value of < 0.05.
Results
Demographics Data and Clinical Characteristics of the
Control and Hyperhomocysteinemia Groups. We first compared the demographic and clinical data between the control and the hyperhomocysteinemia groups (Table 1) . Compared with the control group, patients of the hyperhomocysteinemia group exhibited higher incidences of biliary pancreatitis (46.76% vs 42.01%, P < 0.001), hypertension (21.81% vs 17.79%, P � 0.039), diabetes (15.91% vs 9.99%, P � 0.002), apoplexy (13.75% vs 2.33%, P < 0.001), multiple organ failure (31.8% vs 20.8%, P < 0.001) (Figure 2 (a)), mortality (6.5% vs 2.0%, P < 0.001), and ICU admission (20.63% vs 11.45%, P < 0.001), and higher incidences were also observed in patients undergoing CRRT treatment (1.10% vs 8.64%, P < 0.001) (Table 1, Figure 3 (a)). Also, patients of the hyperhomocysteinemia group were older (50.93 ± 15.58 vs 49.15 ± 13.51 years, P � 0.015), tended to be male (73.08% vs 54.77%, P < 0.001), and exhibited a higher APACHE II score (8.46 ± 6.00 vs 5.13 ± 3.34, P < 0.001) and higher CCI (1.69 ± 1.24 vs 1.45 ± 0.98, P � 0.023), compared with the control group (Table 1) . Moreover, higher HCY levels were found in male patients compared with the females (14.68 ± 10.98 vs 11.15 ± 7.33, P < 0.001) (Figure 3(b) ). Our analysis also showed higher pancreatic necrosis incidence in the hyperhomocysteinemia group in comparison with the control group (28.50% vs 18.70%, P < 0.001); AP patients with pancreatic necrosis showed higher HCY levels than patients without pancreatic necrosis (14.55 ± 10.07 vs 12.88 ± 9.73, P � 0.004) (Table 1, Figure 2 (d)), but no significant differences in AP patients with or without cirrhosis groups were observed between these two groups (14.12 ± 12.00 vs 13.06 ± 9.32, P � 0.144) (Figure 3 (c)). 
Clinical Characteristics of Acute Pancreatitis and Severe
Acute Pancreatitis. Next, we analyzed the major laboratory test values between these two groups. Compared with the non-MOF group, patients of the MOF group showed higher incidences of biliary pancreatitis (49.00% vs 41.52%, P � 0.002), hypertension (22.82% vs 17.66%, P � 0.030), surgery acceptance (22.15% vs 7.82%, P < 0.001), ICU admission (56.82% vs 0.56%, P < 0.001), pancreatic necrosis (84.79% vs 1.61%, P < 0.001), and mortality (13.65% vs 0%, P < 0.001) ( Table 2 ). In contrast to the non-MOF group, patients of the MOF group showed higher levels of APACHE II score (9.81 ± 5.36 vs 4.22 ± 2.47, P < 0.001), CCI (2.30 ± 1.67 vs 1.37 ± 0.88, P < 0.001), blood urea nitrogen (8.17 ± 7.02 vs 5.09 ± 3.86, P < 0.001), creatinine (107.59 vs. 69.19, P < 0.001), creatine kinase (123.05 vs 64.80, P < 0.001), myoglobin (85.90 vs. 44.30, P < 0.001), C-reactive protein (136.00 vs 0.00, P < 0.001), hematocrit (39.60 ± 6.21 vs 38.77 ± 9.32, P < 0.001), and glucose (9.87 ± 4.69 vs 7.90 ± 5.74, P < 0.001). However, the triglyceride level, high-density lipoprotein, age, gender, and history of diabetes mellitus were not significantly different between two groups (Table 2) .
Correlation between AP Severity and Serum HCY Level.
Importantly, we found that the HCY levels in AP patients presenting with MOF were significantly higher than those of AP patients without MOF (14.7 vs 12.8, P < 0.001) (Figure 2(b) ). Our Pearson correlation analysis of the APACHE scores and serum HCY levels showed that an increase of APACHE II score was significantly correlated with an increase in serum HCY level among all patients. e Pearson correlation coefficient was calculated to be 0.420 (P < 0.001), indicative of a positive correlation between the APACHE II score and HCY level in AP patients (Figure 2(c) ). 
ROC Analysis of HCY
Univariate and Multivariate Logistic Regression Analysis.
In order to elucidate whether a high serum HCY level could be a risk factor for multiple organ failure, the univariate analysis was performed subsequently. e results of univariate logistic regression analysis based on these clinical risk factors including age, sex, hypertension, intensive care unit needs, APACHE II score, HCY, C-reactive protein, and etiology associated with MOF are listed in Tables 3 and 4 . We found that the HCY level (odds ratio, 1.27; 95% CI, 1.121-1.460; P < 0.001) was a risk factor for MOF in AP patients in the univariate analysis model (Table 3) . Moreover, our multivariate logistic regression analysis model showed that HCY level (hazard ratio, 1.103; 95% CI, 1.010-1.189; P � 0.012), pancreatic necrosis (hazard ratio, 488.245; 95% CI, 261.009-913.315; P < 0.001), APACHE II score (hazard ratio, 1.234; 95% CI, 1.171-1.299; P < 0.001), ICU admission (hazard ratio, 62.018; 95% CI, 17.604-218.489; P < 0.001), WBC (hazard ratio, 1.058; 95% CI, 1.024-1.094; P � 0.001), and CRP (1.008; 95% CI, 1.006-1.010, P < 0.001) were independently associated with MOF (Table 4 ).
Discussion
e relationship between multiple persistent organ failure development and the serum hyperhomocysteine (HCY) level in acute pancreatitis patients is still unknown. In this large cohort study, we unveiled that a high level of HCY might be an independent risk factor for MOF in patients with AP.
HCY is a nonessential sulfur-containing amino acid which plays key roles in the HCY-methionine cycle through interacting with vitamin B12 and folic acid [13] . HCY could also lead to the increase of oxidative stresses and was substantially involved in the formation of inflammation [14] .
In the present study, we observed that AP patients in the hyperhomocysteinemia group possess significantly higher C-reactive protein levels than the control group. Based on the previous investigations, it is reasonable to presume that two potential mechanisms might be involved in such phenomena, including the induction of nitric oxide synthesis dysfunction and hyperhomocysteinemia caused by methionine diet, which could elevate thromboxane A2 activity in vessels and platelets, eventually resulting in inflammation development [14] . e development of MOF in pancreatitis patients was also known to be closely related with thrombosis and the inflammatory response. Previous reports demonstrated that early proinflammatory reactions in severe acute pancreatitis patients could lead to the development of systemic inflammatory response syndrome [15] . Cholelithiasis and biliary tract infections are the most common causes of acute pancreatitis in China.
e Chinese Medical Association conducted a clinical retrospective study of the etiology of more than 6000 patients with AP in 12 hospitals across the country, biliary pancreatitis ranked first, accounting for 54.4% [16] . In this study, all HCY sample were collected within 48 h after disease onset.
ere are 117 alcoholic pancreatitis patients in present study, and we compared the HCY levels between alcoholic and nonalcoholic pancreatitis patients (14.78 ± 9.78 vs 13.14 ± 9.82, P � 0.848) and found no significant differences between them. Multivariate logistic regression analysis showed that the risk of MOF in AP patients increased along with higher HCY levels, and the subsequent analysis also exhibited that the MOF ratio of the hyperhomocysteinemia group was also remarkably higher than the control group. In clinical management, the APACHE II score is one of the most commonly applied indicators for predicting the severity and mortality of pancreatitis patients. We found in this study that the APACHE II score in the hyperhomocysteinemia group was greatly higher than the control group. Moreover, our subsequent linear correlation analysis disclosed a significantly positive correlation between the HCY level and APACHE II score. But, the ROC curve based on HCY levels showed poor predictive effects of HCY levels, which is not an ideal indicator of multiple organ failure.
is correlation, to a certain degree, indicated that the HCY level could be used to preliminarily evaluate the severity of AP. is also suggests that a high HCY level may predict the risk of MOF in AP patients. As we know, C-reactive protein (CRP) exerts essential roles in the development of MOF and has been previously proved to be a key risk factor for MOF. In this study, the multivariate logistic regression analysis showed that the risk ratio of C-reactive protein was 1.008 and risk ratio of HCY was 1.103. ese results suggested that high HCY level, similar to CRP, could be another important risk factor for development of MOF in AP patients and could also be applied for predicting pancreatitis severity in clinics [17] [18] [19] . However, the ROC analysis showed that the performances of CRP and WBC were better than those of HCY. We think that the clinical predictive value of HCY might be lowered by the influences of diets, genetics, and other diseases.
Limitations
First of all, since only one blood sample was collected from each patient, we have no information about the changes of serum homocysteine along with the disease course. Secondly, although we analyzed clinical data of comorbidities as much as possible, the nutritional factors, environmental, or medical conditions still have potential influences on HCY level. Moreover, hyperhomocysteinemia is common in many patients and might be associated with inflammatory response. Our study here could not prove the casual relationship between HCY and MOF but suggests that HCY might be a high risk factor for MOF in pancreatitis patients, which could serve as a basis for future investigations.
Conclusion
In summary, the serum HCY level was closely correlated with MOF caused by AP. High HCY level might be an important risk factor or predictor for MOF development in AP patients.
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